Abstract The effect of a previous hydrostatic highpressure (HHP) treatment on hydrolysis, breakdown and aggregation events in chemical constituents of chilled farmed coho salmon (Oncorhynchus kisutch) was studied. Three different HHP conditions were applied (135 MPa-30 s; 170 MPa-30 s; 200 MPa-30 s; treatments T-1, T-2 and T-3, respectively) and compared to untreated fish for a 20-day chilled storage. Nucleotide degradation was important during the chilled storage in all kinds of samples; however, the K value did not afford differences related to previous pressure applied. HHP treatment led to an increased free fatty acid (FFA) formation (day 0 values); on the contrary, an inhibitory effect on FFA formation could be observed at the end of the storage (15-20 days) in T-3-treated fish as a result of microbial activity inhibition. A marked decrease in sarcoplasmic protein content was evident in samples corresponding to T-2 and T-3 treatments; the SDS-PAGE analysis of such protein fraction showed a partial loss of a band corresponding to 29 kDa. This band was excised, digested with trypsin, analysed by tandem mass spectrometry and identified as phosphoglycerate mutase.
Introduction
Marine foods have attracted great attention as a source of high amounts of important components (namely nutritional and digestible proteins, lipid-soluble vitamins, microelements and x3-polyunsaturated fatty acids) on human health and nutrition [1, 2] . However, most of these constituents deteriorate rapidly post-mortem due to the effects of different damage pathways, these leading to a decreasing commercial value of fish products [3, 4] .
During chilled storage, degradation processes are mostly carried out in the initial stage by endogenous muscle enzymes and later by microbial enzymes [5] . Thus, biochemical processes such as hydrolysis, aggregation and breakdown of the different chemical constituents are known to take place during traditional flake ice chilling [6] . With the aim of reducing quality losses in chilled fish, different advanced methods such as refrigerated sea water [7] , slurry ice [8] and chemical addition [9] have been employed.
As a result of an increasing consumer's demand for high-quality fresh products, fish technologists and the fish trade have developed different complementary processing systems. Among them, hydrostatic high-pressure (HHP) technology has proved to enlarge the shelf life time, while inactivating microbial development and deteriorative endogenous enzymes [10] [11] [12] . However, HHP has been reported to damage membranes, denature proteins, oxidise the lipid fraction, provoke browning development and cause constituents breakdown and aggregation [4, 10, 13] . Although covalent bonds are not broken by HHP employment, weak energy bonds like hydrogen and hydrophobic bonds can be irreversibly modified, thus leading to important consequences for the secondary, tertiary and quaternary structures in proteins [14, 15] .
In recent years, the fishing sector is paying great attention to aquaculture development as a source of marine food products. Among cultivated fish, coho salmon (Oncorhynchus kisutch), also called silver salmon, has deserved a great interest because of its increasing production in countries like Chile, Japan and Canada [16] . Previous research related to the chilling storage of this species accounts for the development of different spoilage pathways and quality loss [17, 18] . The present work focuses on different hydrolysis, breakdown and aggregation events concerning chemical constituents that are known to be related to quality loss in chilled farmed coho salmon. The effect of a previous HHP treatment on such chemical constituent changes is studied.
Materials and methods

Raw fish, processing and sampling
Coho salmon specimens (50-52 cm length; 2.8-3.0 kg weight) were obtained from an aquaculture facility (Aquachile, S. A., Puerto Montt, X Región, Chile). Individuals were killed in the plant by a sharp blow to the head, the gills cut, bled in a water-ice mixture, beheaded, gutted and transported to the laboratory during 24 h under slurry ice condition (40% ice and 60% water; -1.0°C) at a 1:1 fish to ice ratio. Then, the fish was filleted, cut into pieces (weight range: 125-150 g) and placed in flexible polyethylene bags.
The high-pressure equipment employed consisted of a cylindrical loading container provided with a 2-L pilot unit (Avure Technologies Incorporated, Kent, WA, USA). Three different HHP conditions (135 MPa for 30 s,  170 MPa for 30 s and 200 MPa for 30 s; treatments T-1, T-2 and T-3, respectively) were applied at room temperature (15 ± 2°C) to fish and compared to untreated fish (control, treatment C). In all cases, water was employed as the pressurising medium, working at a 17 MPa/s ramp rate; decompression time was less than 5 s. Fish was then kept under chilling conditions (traditional flake ice) in a refrigerated room (4°C). Sampling was carried out on salmon white muscle at days 0, 6, 10, 15 and 20 of chilled storage. For all kinds of samples, three different batches (n = 3) were considered and analysed separately to achieve the statistical analysis.
A different response to HHP treatment has been reported to occur in marine products according to different factors such as species nature, chemical composition and size [4, 11] . Accordingly, a preliminary study was undertaken before choosing the HHP treatment range to be applied in the present experiment. As a result, T-1, T-2 and T-3 conditions were chosen for the present research as being related to the best visual appearance (colour, gaping, elasticity and firmness) obtained and agreed to the optimised conditions previously recommended for farmed turbot (Scophthalmus maximus) fillets [19] and to the best conditions for colour retention in Atlantic salmon (Salmo salar) fillets [12] . Convenience of present HHP conditions was already proved in a study carried out in parallel to the present one [20] ; in it, a marked microbial activity inhibition was observed as a result of T-1, T-2 and T-3 conditions employment, while a short lipid oxidation development was produced, although no losses in polyunsaturated fatty acid and endogenous antioxidant contents were detected.
Proximate composition
Moisture content was determined by the difference between the weight of fresh homogenised muscle (1-2 g) and the weight recorded after 4 h at 105°C, according to the AOAC method [21] . Results were expressed as g water/ 100 g muscle.
Lipids were extracted by the Bligh and Dyer [22] method, by employing a single-phase solubilisation of the lipids using a chloroform-methanol (1:1) mixture. Quantification results were expressed as g lipid/100 g muscle.
Protein content was measured by the Kjeldahl method [21] , employing the 6.25 conversion factor. Results were calculated as g total protein/100 g muscle.
Ash content was measured according to the AOAC [21] method by heating at 550°C. Results were calculated as g/100 g muscle.
Lipid and nucleotide hydrolysis assessment
Free fatty acid (FFA) content was determined in the lipid extract of the fish muscle by the Lowry and Tinsley [23] method based on complex formation with cupric acetatepyridine followed by spectrophotometric (715 nm) assessment (Beckman Coulter DU 640, London, UK). Results were expressed as mg FFA/100 g lipids.
Nucleotide degradation analysis was carried out starting from 6% perchloric acid extracts from the fish muscle according to previous research [24] . Analysis was performed by HPLC, using a Beckman device provided with the programmable solvent module 126 and the scanning detector module 167 connected to the System Gold software, version 8.1 (Beckman Coulter). Separations were achieved on a reverse-phase Spherisorb ODS-2 C18 250 9 4.60 mm column (Waters, Milford, MA, USA), with an internal particle diameter of 5 lm. Standard curves for adenosine 5 0 -triphosphate (ATP) and each compound involved in its degradation pathway, adenosine 5 0 -diphosphate (ADP), adenosine 5 0 -monophosphate (AMP), inosine 5 0 -monophosphate (IMP), inosine (INO) and hypoxanthine (Hx), were constructed in the 0-1 mM range. Results obtained for each degradation compound were calculated as mmol/kg muscle. The K value was calculated according to the following concentration ratio:
Protein analysis
Two different protein extraction procedures were considered in this work. Sarcoplasmic protein extracts were prepared in a low ionic strength extraction buffer A (10 mM Tris-HCl, pH 7.2, ?50 mM pentamethyl sulphonic acid). Samples of 500 mg fish muscle were homogenised for 60 s in 4 mL of buffer solution, according to Piñeiro et al. [25] . Then, extracts were centrifuged at 12,500 rpm for 15 min, in a JA20.1 rotor (J221-M centrifuge, Beckman Coulter) at 4°C, and the supernatants were recovered.
Preparation of SDS-soluble protein extracts was carried out in extraction buffer B (2% wt/vol SDS/0.1 DTT/ 60 mM Tris-HCl, pH 7.5) using the same conditions mentioned for the sarcoplasmic protein extraction [26] except that before the centrifugation at 4°C, the SDS extracts were boiled at 100°C for 2 min and homogenised for 30 s. All extracts were maintained at -80°C until analysis.
The protein concentration in extracts prepared in buffer A was determined by means of the protein microassay method (Bio-Rad Laboratories Inc., Hercules, CA, USA), while extracts prepared in buffer B were subjected to the PlusOne 2-D Quant kit (Amersham Biosciences, Uppsala, Sweden). In both cases, a standard curve constructed for bovine serum albumin was used as reference, and results were expressed as g/100 g muscle.
Electrophoretic analysis was carried out by means of horizontal SDS-PAGE gels. Samples were mixed with sample buffer according to the procedure of Laemmli [26] . Because of their higher resolution and reproducibility, precast polyacrylamide 245 9 110 9 1 mm commercial gels (Excel-Gel SDS Homogeneous 15%, Amersham Biosciences) for horizontal electrophoresis were selected, according to previous research [24] . A low molecular weight protein standard (97-14 kDa) from Amersham Biosciences was employed as reference. This protein standard mixture was comprised of the following proteins (MW values are indicated in brackets): phosphorylase b (97 kDa), albumin (66 kDa), ovalbumin (45 kDa), carbonic anhydrase (30 kDa), trypsin inhibitor (20 kDa) and alpha-lactalbumin (14 kDa). The mobilities of protein bands were determined using the Whole Band Analyser Software (BioImage Systems Corporation, MI, USA), and the corresponding MWs were calculated by comparison with the size of the protein standards. Both kinds of protein extracts were studied by means of electrophoretic patterns.
Mass spectrometry analysis
According to the electrophoretic analysis of the sarcoplasmic fraction, the band of interest (29 kDa) was excised from the gel and subjected to in-gel digestion with trypsin (Roche Diagnostics GmbH, Mannheim, Germany), performed overnight at 37°C as described elsewhere [27] . The final digestion solution was dried under vacuum and resuspended in 5% acetic acid.
Peptide digests were analysed online by HPLC electrospray ionisation ion trap tandem mass spectrometry (MS/ MS), using a liquid chromatography system model SpectraSystem P4000 (Thermo-Finnigan, San Jose, CA, USA) coupled with an ion trap mass spectrometer model LCQ Deca XP Plus (Thermo-Finnigan) according to Ortea et al. [28] . Briefly, peptides were separated on a BioBasic-18 reverse-phase column (ThermoHypersil-Keystone, Bellefonte, PA, USA) using 0.5% acetic acid in water and 0.5% acetic acid in acetonitrile as mobile phases A and B, respectively, with a 90-min linear gradient from 5 to 60% B. Peptides were detected using survey scans from 300 to 1300 amu (3 l scans), followed by a data-dependent zoomscan (5 l scans) and MS/MS scan (5 l scans) using a normalised collision energy of 35%.
Uninterpreted MS/MS spectra were searched against the nr.fasta database (NCBI Resources, NIH, Bethseda, MD, USA) using SEQUEST (Bioworks 3.1 package, ThermoFinnigan). The following constraints were used for the searches: tryptic cleavage after Arg and Lys, up to two missed cleavage sites, and tolerances ±1.5 Da for precursor ions and ±0.8 Da for MS/MS fragment ions. The variable modifications allowed were methionine oxidation, carbamidomethylation of Cys and acetylation of the Nterminus. In order to confirm the SEQUEST matches, de novo sequencing was performed by manual interpretation of the ion series in the spectra, and de novo-inferred sequences were searched against the NCBInr protein sequence databases using the BLAST tool (http://www. ncbi.nlm.nih.gov).
Statistical analysis
Data (n = 3) obtained from the different chemical analyses were subjected to the ANOVA method (p \ 0.05) to explore differences by two different ways: high-pressure effect and chilling storage effect (Statsoft, Statistica, version 6.0, 2001); comparison of means was performed using a least-squares difference (LSD) method. Correlation analysis among parameters (chilling time and chemical constituent changes) was also carried out. In them, linear fittings are expressed; otherwise, the kind of fitting is mentioned.
Results and discussion
Proximate composition
Moisture and lipid contents of starting coho salmon white muscle (72.40 ± 0.97 and 4.74 ± 1.27 g/100 g muscle, respectively; Tables 1 and 2 ) agreed to previous research on the same farmed species [17] and can be considered in the expected value ranges of a fatty fish species [1] .
When no chilled storage is encountered (time 0; Table 1 ), no differences are observed for the moisture content among the different kinds of samples so that an effect of HHP treatment cannot be concluded at this time. Later on (days 6 and 15), some differences can be observed, although a general pattern cannot be concluded as a result of pressure applied. However, a marked effect of chilling time was observed; thus, all kinds of samples showed a moisture content decrease by increasing the chilling time.
One of the most important effects reported for HHP treatment is to provoke changes in hydrophobic and electrostatic interaction, so that the water-holding capacity of proteins may be altered [10, 13] . In this sense, water content may undergo important changes, these including water release and accordingly, moisture loss in the fish material as has been obtained in the present work during the chilled storage.
Concerning the lipid content (Table 2) , no differences could be observed as a result of the HHP treatment. Meantime, some differences were observed with chilling time in all kinds of samples. Although a general pattern could not be concluded, higher mean values were attained by increasing the chilling time in most cases. Comparison of such tendency with moisture results (Table 1) would agree with a known inverse ratio between water and lipid constituent contents [1] .
Present results agree with Ohshima et al. [29] who did not find differences in moisture and lipid contents in cod and mackerel flesh after HHP treatment (200-600 MPa for 15 and 30 min). Contrary to the present research, Ramírez-Suárez and Morrissey [30] found a moisture content decrease and a lipid content increase as a result of HHP (275 and 310 MPa for 2, 4 and 6 min) treatment in albacore-minced muscle; then, no differences in both Table 1 constituent contents were observed during further storage of fish muscle at 4°C and at -20°C. Starting protein and ash contents in the present research were 20.3 ± 0.4 and 1.0 ± 0.1 g/100 g muscle, respectively, according to expected values for marine fish species [1] . Values obtained for both constituents remained quite constant throughout the experiment, so that no differences (p [ 0.05) could be outlined as a result of previous HHP treatment, neither as a result of the chilling storage.
Nucleotide and lipid hydrolysis
During post-mortem fish storage, muscle nucleotides are known to degrade in a series of stages as a result of endogenous biochemical changes; the level of major adenine nucleotides and their related compounds (K value assessment) has been utilised extensively as an index of freshness of fish muscle [5] . Figure 1 shows the evolution of the K value in this study. Nucleotide degradation was relevant throughout the chilled storage of all kinds of samples, especially at day 6; accordingly, a good correlation value was obtained between the K value and the storage time (r 2 = 0.93-0.97, logarithmic fitting). A sharp increase has also been reported during the first days of storage in other salmonid species such as Atlantic salmon (Salmo salar) [31] and rainbow trout (Oncorhynchus mykiss) [32] .
At time 0, no differences could be assessed as a result of HHP treatment; later on, some differences could be depicted among the different fish samples, although a differential pattern could not be established concerning the effect of pressure applied on nucleotide degradation throughout the chilled storage.
Contrary to the present results, previous research has shown a K value decrease during storage as a result of previous HHP treatment. Thus, when carp muscle was treated at various pressure values (200, 350 and 500 MPa for 30 min) and subsequently stored at 5°C, suppression of the IMP decomposition was observed when employing 350 and 500 MPa values [33] ; in such cases, a decreased K value was obtained and an increasing umami taste development was evident, this being the result of an increased IMP presence [10] . A lower K value was also found in pressurised fresh tilapia fillets (50-300 MPa for 2-12 h) when compared with non-pressurised ones [34] ; as a result, a decreasing K value was found by increasing the pressure applied. In both cases [33, 34] , results were explained as a result of protein denaturation and deactivation of enzymes involved in the degradation of ATP and related compounds (namely dephosphorylases) during HHP treatment. It could be argued that such deactivation failed to occur in the present study probably as a consequence of employing weaker pressure and holding time conditions. FFA presence has shown an important role in fish muscle texture changes [35] , in lipid oxidation enhancement [36] and as being strongly interrelated with off-odour development [37] . In the present study, FFA formation was relevant during the chilled storage for all kinds of samples (Table 3 ; g FFA/100 g muscle), so that good correlation values were obtained with time in all cases (r 2 = 0.93-0.97, quadratic fitting). When the lipid basis is considered (g FFA/100 g lipids), a relatively low value (0.77 ± 0.24) for FFA content is observed for the raw starting fish, according to previous research on this farmed species [17] and according to a fatty fish species value range [1] . As on Comparison among the different kinds of samples provided some differences. At day 0, higher mean values in fish treated under pressure conditions (T-1, T-2 and T-3 treatments) were obtained when compared to control fish. In this sense, an increasing FFA formation was observed in turbot fillets [19] and carp fillets [38] by increasing the pressure (from 100 till 200 MPa) conditions applied. In the present research, a lower mean value in control fish was maintained during the 6-to 10-day period, while a higher mean value was observed for fish treated under T-1 condition throughout the 10-20-day period; at the final stage (15-to 20-day period) of the experiment, the lowest values could be observed for fish from T-3 condition.
FFA have been reported to be mostly produced during the first stage of the chilling process (up to days 7-11, depending on several factors) as a result of endogenous enzyme (namely lipases and phospholipases) activity [3, 6] . Later on, microbial activity should gain importance, so that FFA formation is then mostly produced as a result of bacterial catabolic processes. According to this profile, present results on FFA formation in coho salmon show that some FFA formation was produced as a result of HHP treatment (day 0 values); in addition, FFA formation during the 6-to 10-day period would show no inactivation of lipases by means of the pressure-holding time conditions applied. Finally, partial inhibition by microbial activity was evident (days 15-20 values) in agreement to previous parallel research related to aerobe and psychrotroph group assessment [20] .
According to the present results, He et al. [39] did not observe inhibition of lipase activity in refrigerated (4°C) oysters, which were previously pressurised at 207-310 MPa for 1-2 min, and the same conclusion was attained by Gómez-Estaca et al. [40] when studying coldsmoked sardine storage (5°C up to 21 days) previously treated under 300 MPa for 15 min. On the contrary, Ohshima et al. [29] found that enzymatic degradation of phospholipids in cod muscle was successfully inhibited during storage (-2°C, 6 days) when a previous pressure of 400 MPa and over was applied for 15 and 30 min.
Protein changes
Both kinds of protein extracts were studied by means of electrophoretic pattern analysis. Figure 2 shows the evolution of SDS-soluble proteins. In general terms, no major change in the protein profiles was observed, so that HHP conditions applied and further chilled storage did not led to differences among the different kinds of fish samples.
Such conclusions agree with previous research where SDS-PAGE analysis showed that HHP treatment of fish muscle caused neither degradation nor covalent cohesion of myofibrillar proteins [10] . Thus, mobilities of myosin heavy chain and actin from carp muscle were not altered (up to 500 MPa for 30 min) [33] , and the same conclusion was obtained from Alaska Pollock surimi analysis when treated at 200-500 MPa for 10 min [41] . However, DSC analysis showed a full denaturation of turbot fillet myosin when submitted at 200 MPa for 15 and 30 min [19] and of cod muscle myosin processed at 100-200 MPa for 20 min [13] .
Recent research concerning the employment of stronger HHP conditions than the ones applied in the present study has produced changes in myofibrillar electrophoretic profiles. Thus, in a previous research carried out on sea bass muscle [42] , SDS-PAGE profiles of myofibrillar proteins were modified when applying a pressure of 300 MPa for 5 min, while no changes occurred at a lower pressure (100 MPa), according to the present research; in addition, no changes were obtained throughout a further refrigerated storage (4°C during a 0-to 7-day period), whatever was the pressure Fig. 1 applied. In the same way, SDS-PAGE electrophoresis of myofibrillar proteins of albacore tuna muscle indicated that HHP treatment (275 and 310 MPa for 2, 4 and 6 min) promoted the formation of high molecular weight polypeptides and reduction of myosin heavy chain band, most likely through disulphide bonding [30] ; in this sense, the -SH group content in actomyosin decreased by increasing the pressure applied and pressure-holding time [43] .
Electrophoretic analysis of the sarcoplasmic protein fraction is shown in Fig. 3 . In it, the partial loss of a band placed at 29 kDa in fish samples corresponding to the two highest pressure treatments (T-2 and T-3) could be depicted. Such loss was evident at day 0 when only the effect of HHP treatment is encountered and was maintained throughout the chilled experiment in such fish samples. Additionally, fish corresponding to T-1 treatment showed this band loss at the end of the experiment.
Previous research has shown that the presence of certain sarcoplasmic bands decreased, or even disappeared from the SDS-PAGE gels without the expected appearance of low molecular weight bands. Thus, a specific loss of a major sarcoplasmic protein component with a molecular weight of 43 kDa was noted in cod and mackerel muscle as a result of applying an HHP treatment of 400 MPa or over for 15 and 30 min [29] . Further, the intensity of bands with molecular weights lower than 36 kDa decreased in carp fillets as a result of HHP treatment (100-200 MPa for 15 and 30 min) [38] . Consequently, it is suggested that rather than being degraded by HHP treatment, certain sarcoplasmic proteins become compacted and more covalently linked together, thereby becoming more resistant to extraction [14] . Thus, HHP would promote protein denaturation and their insolubilisation by altering the subtle equilibrium between the molecular interactions that stabilise the organised conformation of native proteins [10, 13] . Contrary to this conclusion, a 67-kDa sarcoplasmic protein band in cod muscle was found to be resistant to pressure treatment and increased in concentration after pressure treatment at 200-600 MPa [13] .
Concerning the effect of a further storage to HHP treatment, contradictory results have been observed. Thus, Angsupanich and Ledward [13] found that storage at 4°C for 7 days of cod muscle had no apparent effect on any electrophoretograms concerning the sarcoplasmic proteins, but Chéret et al. [42] found that sarcoplasmic protein profiles were modified according to the storage period (4°C for 7 days).
Analysis of the sarcoplasmic protein content (Fig. 4 ) provided a marked decreasing tendency as long as the pressure applied increased. This detrimental effect on sarcoplasmic protein content could be observed at time 0, when no chilled storage is encountered, and also throughout the chilled storage in all kinds of samples, so that a good inverse correlation value was obtained between sarcoplasmic protein content and chilling time (r 2 = 0.90-0.92, quadratic fitting). In spite of the known relationship between protein denaturation and water-holding capacity [10, 13] , correlation between moisture and sarcoplasmic protein contents was not satisfactory (r 2 = 0.78-0.88), although good values were obtained between sarcoplasmic protein and FFA contents (r 2 = 0.92-0.94). This sarcoplasmic content decrease agrees to previous research [29] . In it, extracted sarcoplasmic protein content of cod muscle decreased slowly but regularly with the increase of pressure applied (from 0 to 600 MPa for 15 and 30 min), while extracted sarcoplasmic protein content of mackerel muscle decreased rapidly by applying a pressure value included in the 0-400 MPa range, causing no change in the use of a higher pressure. For both kinds of fish muscle (cod and mackerel), extending the pressure time from 15 to 30 min had no effect on the extractability of sarcoplasmic proteins.
Some additional research was carried out on the 29-kDa band, whose partial loss was observed in sarcoplasmic fraction SDS-PAGE gels of HHP-treated samples (Fig. 3) . Thus, the band was excised from the gel, digested with trypsin, and the resulting peptides were subjected to MS analysis by means of an electrospray ion trap mass detector. Peptides were fragmented, and uninterpreted fragmentation spectra (MS/MS) or de novo-inferred sequences were searched against the protein sequence databases using the SE-QUEST software or the BLAST tool, respectively. Several peptides were found that matched with the Atlantic salmon protein phosphoglycerate mutase, described in databases (accession numbers: 213515184 and 213515006). In Fig. 5 , several fragmentation spectra as examples of the found phosphoglycerate mutase peptides are shown, together with the mass-to-charge ratio (m/z) of the precursor ions and the corresponding amino acidic sequences. Therefore, the band studied, identified by MS/MS as an isoform of the glycolytic enzyme phosphoglycerate mutase, seemed to be the most affected protein by the denaturation and insolubilisation caused by HHP treatment.
Previous reports by other authors have proposed the changes produced in certain electrophoretic bands as spoilage or freshness biomarkers [44, 45] . Partial increase or decrease content found in the electrophoretic profiles would be produced as a result of different damage processes (proteolysis, aggregation, denaturation, insolubilisation, etc.) happened in the myofibrillar and sarcoplasmic fractions and could be related to quality loss development. Present results show that phosphoglycerate mutase assessment could be a profitable tool in order to study the freshness loss of coho salmon during its chilled storage.
Final remarks
Present pressure-holding time condition range was chosen as corresponding to the best visual analysis (colour, gaping, elasticity and firmness) scores found in a preliminary test on salmon pieces. Additionally, such HHP conditions showed to be profitable to partially inhibit microbial development in a parallel study [20] .
However, present results concerning hydrolytic, breakdown and aggregation events in chemical constituents showed that HHP itself led to an increased FFA formation and to a decrease in sarcoplasmic content (namely T-2 and T-3 conditions), while no effect on nucleotide degradation and myofibrillar electrophoretic profiles could be depicted. During the further chilled storage, previous HHP treatment failed to inhibit the nucleotide degradation and the FFA formation by means of endogenous enzymes; however, FFA formation by microbial activity development was partially inhibited, according to the parallel study results [20] .
Concerning the sarcoplasmic protein fraction, a partial loss of an electrophoretic band corresponding to a molecular weight of 29 kDa was observed in fish treated under T-2 and T-3 conditions throughout the whole experiment; additionally, fish treated under T-1 condition showed the same result at the end of the experiment (day 20). Assessment of such band (phosphoglycerate mutase) could be considered a profitable tool in order to be employed as freshness biomarker in chilled coho salmon.
